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In the following thesis a discussion is presented on the economic 
usage of steam in the reciprocating engine, together with the 
several conditions effecting such usage. The subject has been sub­
divided and is presented under the following heads
1 . Method of measuring engine performance;
2. Theoretical engine performance;
3. Tobies of theoretical performance;
4. Object of the tests made by the writer;
fi. Tests of Meyer 8 in.x 12 in. automatic engine5 Uiof X-shops; 
a Description of engine; : \’
b Steam supply;  ^j -v.
c Methods employed in making test;
d Description of apparatus used; 
e Computation and results;
6 . Tests of Ball 8 in.X 10 in. automatic engine U of I shops.
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s t e a m e n g i n e w a t e r r a t e s .
Method of Measuring Engine Performance:- 
The introduction and developopments of the steam-engine indicator 
has lead to an accurate and scientific determination of engine per­
formance. The performance of an engine is measured in pounds of 
water consumed per indicated Isorse power per hour (English units). 
These units are absolute for any given pressure under which water is 
converted into steam* gut tbe thermal value of a pound of steam 
varies as the pressure, and increases as the pressure increases. 
However the values obtained for the different steam preassures can 
he standardized and compared by reducing to the equivalent evaporat­
ion from and at 212°Fah. i.e.from water at 312° Fah. to steam under 
steam under atmospheric pressure. This is rarely done except in the 
determination of boiler performance. This method of comparing and 
determining engine performance has been universally adopted by en­
gineers and engine builders, who during the past twenty years have 
compiled and published much valuable data on the subject.
Theoretical Engine Performance;r
Tables giving the water rates of the perfect steam-engine were the 
first to appear. In the deduction of these tables the assumption 
was made that no loss of heat took place during the expansive work­
ing of the steam, i.e.,t,hat there was no loss due to radiation. These 
tables give the consumption that may be expected for different 
initial and final pressures, as well as different points of cutt-off. 
Such tables have been derived by various authors by the application 
of the principles of Thermodynamics. It may be well before going
further to review the method of deduction of these tables.
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If we denote the delivery of work in foot-pound of any engine (L) 
we have the equation L=%-yr-^ in which (Q) equals total heat impart­
ed to the feed-water;(T)equals absolute temperature of steam corres­
ponding to initial pressure reconed from 459.4 degrees below zero 
Fah.; (T) equals absolute temperature corresponding to final pres­
sure; (A) equals thermal equivalent of one unit of work, equals 
(English units). Now for (Q) the value, G (q rx-q )may be substitut- 
ed in which (G) equals number of pounds of steam and water used; 
(q)equals heat in one pound of the liquid at the temperature of the 
steam; (r) equals latent heat of vaporization; (x) equals weight of 
steam in one pound of the mixture, equals quality of steam; (q ) 
equals heat in one pound of the feed-water. This value of (Q) gives 
for (L)
L -G( q rx-q )( T-T)
A T
and the delivery of the engine for one pound of steam equals 
L4G foot-pounds. And the number of pounds of steam (G) of quality 
(x) necessary to give a certain delivery (L), is
G- L(AT)( q rx-q )(T-T)
If we assume the delivery (L) to be one horse-power for one hour 
equals 33000x60=1980000 foot-pounds, we find
1980000 x AT 
(q rx-q ) (T-T)
In this formula (A) is known, (q), (r) and (T) can be taken 
from standard steam tables, (q) and (x) may be assumed, (T)the final
temperature depends upon (T) the temperature corresponding to the
- --------------- _ _ = — .— u u ....... .... . ..... :.... ~
steam pressure and the ratio of expansion. It may he found as fol­
lows: Take some rectangle of units length and let the sides equal 
length of stroke and the height equal initial pressure drawn to some 
convenient scale, and on the upper line lay off from the left the 
per cent cut-off. From this point of cut-off plot hy any convenient 
method the adiabatic expansion curve to the end of the rectangle.
The ordinate of this curve at the end of the rectangle will give the 
final pressure, and from a standard steam table the corresponding 
temperature (T) may be found. This final pressure can be found also 
by the use of logarithms from the formula PY PV where (P) and (V) 
are respectively initial pressure and initial volume and (v) is 
final volume. It is clear that from the above the number of pounds 
of water (G) necessary to produce one horse power for one hour can 
be determined for every cut-off or any initial pressure. It is 
interesting to note that the difference in the values of (G) for 
the different cut-offs is due to change in (T) it being the only 
factor that changes for the different expansions.
Tables of Theoretical Engine Performance;- 
A table of water ^ates computed by the above method is given on 
page Other tables have been published from time to time showing 
ver}' nearly what water rates may be expected "rom first class en­
gines. These are based, on theoretical eomputations. The values in 
these tables are of course greater than those in the theoratical 
and are inversely proportional to unity and the assumed efficiency 
of the working substance. At present there is a fair amount of 
available data showing the actual performance of steam engines of
different kinds working under different conditions. This material
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is largely in form of* reports published in the different engineer­
ing periodicals, and in the proceedings of the engineering societies.
On page y is given a table for both condensing and noncondens— 
ing automatic cut-off engines. The tables show the most economical 
rate of expansion to be about SO per cent for the noncondensing and 
15 per cent for the condensing. But this is true so far as the in­
dicator is effected only, for there are losses not accounted for 
by the indicator such as friction, radiation and initial condensate 
ion, which losses become less as the rate of expansion increases, to 
a certain degree. Talcing these things into account the most econom­
ical point of cut-off would in this case be 6 per cent higher. It 
is clear that all these corrections are implied when water rates are 
given in terras of brake horsepower.
The table for high speed noncondensing automatic cut-off engines 
given on page a shows the water consumption both actual and indicat­
ed per indicated horsepower. It is to be noticed that for the best 
rate of expansion, the high speed automatic cut-o-ff uses a little 
less water than the low speed given on page 7  In all these tests 
the steam pressure was 75 pounds guage. The rates given on page 
for throttling engines show that a little more steam is necessary 
to operate this class, and the indicated rate of expansion for best 
economy is a little later than for the automatic. These tables 
were chosen for copy because they give about the average result 
of tests made in engines of the different types.
In all these tests the conditions of operation were made to be
as nearly perfect as possible. This is usually done in tests of t:
this kind, and as a result we find more data relating to best
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practice in steam engineering, than to the performance of engines 
Operated under the less favorable condition to which they may he 
subjected. It is an established fact that a great many engines in 
continuous use are operated extravagantly. This can be detected 
in many cases by observation, but even then the exact knowledge of 
the real waste would cause surprise.
Object of Tests Made by the Writer:- 
Considering the facts mentioned above the writer concluded to 
make a series of tests of engines to determine water rates, in 
which the conditions of operation should not be altered in any 
way from those to which the engines had been subjected in every 
day use. Two engines were tested for water rates. They were the 
8 in. x 12 in. Meyer engine of the Mechanical Laboratory of the 
University of Illinois. And the 8 in. x 10 in. Ball engine used 
to furnish power for the University shops.
TESTS OF MEYER ENGINE 8 IN. X 12 IN.
Description of Engine
This is a high speed, noncondensing automatic cut-off engine of 
the side crank pattern. The general outline is shown in plate 1. 
The valve gear is controlled by weighted pendulum governor. The 
engine was used from time to tine by classes in the Mechanical 
Engineering Laboratory and was out of adjustment in almost every 
pair. The crank shaft was out of line and caused the main bearings 
to run hot. A great amount of undue friction was caused by tight 
piston packing. And the valve gear was loose in several boxes. 
Notwithstanding this state of affairs, the engine ran with little
noise and gave no trouble, though the mechanical efficiently was
JO) 1
very low.
Steam Supply:-
The engine was supplied with steam hy a forty horse power hori­
zontal tuhlar holler. About eighty feet of unjacketed 2.5 in. pipe 
connected the two. The exhaust was allowed to flow through thirty 
five feet of 3 in. pipe, to the atmosphere.
Method Employed In Making Test:- 
Steam distribution was obtained by the use of two 2 in. Tabor 
indicators fitted with a reducing motion of the pendulum type.
Power was absorbed at the rim of the fly wheel by a common rope 
brake, resting on a pair of platforn scales. The brake was kept 
cool by a constant flow of water, from the city water pipe. 
Revolutions per minute were read directly from a tachometer belted 
to the crank shaft. Quality of steam was taken at the steam pipe 
a few feet above the throttle by a carpenter separating calorimeter 
Clearance space was determined as follows: the piston valve was 
removed and a pine wood plug turned to fit the valve chamber tight­
ly. ^he engine was then brought to dead centre, and water was 
poured into the cylinder through the indicator cock,until it was 
full. A line was scribed on the crosshead, and on the guides 
opposite, the engine was moved, off centre and the same amount of 
water as was first used, was added, the engine was then turned 
back until water appeared at the cock, when another line was 
scribed on the guides opposite the one on the crosshead.. The 
distance between marks on the guides gave the clearance in part of 
stroke, or in piston displacement. In order to be able to set the
engine at any desired cut-off, the valve gear was calibrated, and
________ (II)
a curve Reduced which gives cut-off in terms of valve travel. From 
this curve the valve travel necessary to give a certain cut-off, 
can be found, and then the brake load adjusted to give this valve 
travel. The determination was as follows: the engine was taken 
cold and the governor blocked at different positions which it takes 
within its working limit. With the governor blocked in one of 
these positions, the engine was brought to dead centre and a line
scribed on the crosshead and on the guides opposite. The engine 
was then turned off centre and moved ahead till the point of cut­
off was reached. This point was easily determined by observation, 
c over
the steam chestA having been removed. With the engine in the posi­
tion of cut-off another line was scribed on the guide opposite the 
one on the cross head, and the distance between this mark and the 
one while the engine was on dead centre gave the cut-off in part 
stroke. This was done for both head and. crank ends and for several 
positions of the governor. To find the valve travel in each case, 
a pencil was clamped to the valve rod and allowed to scribe on a 
fixed card while the engine was being turned over. The data ob­
tained is given on page and the results on page 2 0  . Prom these 
results together with per cent clearance, the curves on page / 5  
were deduced. The ordinates are in inches of valve travel and the
abscissae give the per cent cut-off. The upper curve is for part 
stroke and the lower for real cut-off i.e. , for part stroke plus 
clearance. For example: if the valve travel is 1.5 in., the cut­
off in per cent stroke is about nineteen, while for real cut-off 
it is about twenty six.
The amount of water used during the test was measured by a
5 T E : A M  E A G IA E  W/n~EPT PT A T E 5
L O G 5  op-TETsS T -^ o /^  M E Y E pT  /Jl/TOM flTlC  E P IG IA E  5"* 12/'
Id
r
1-
, to 
r  i  l-d
L.S a  Id 
G 3  jc L  r  o
12 ~  id to
J Id 
o
D L
!£ , 
id kj 
F  O
2 O
-J
Id S  
-t P
5  P
& Ci
g  5 5
IQ -J
Id
h
. to 
a>. ’ y
jj~-00 0 u
5 5
5id ui
^  £0  IL CD L
N'
0 bj 
H 0 
tt «c
2  0
Id ~f
5  Si
3  a  
*  h
*c Otf
to 0  _j
CQ -i
TEZvST-- / 1 - 1 8 - 3 8 TE5T-A  -  / ,a^3S .
J? O O 2 5  6 7 5 6 . 9 " /. a " O ^:/ 0 2 5 5 S 0 (o .5
--- -■ -rr
/. 37 2 5 5
3 :2 .0 2 5 5 S 3 - 3 : E 5 2 5 5 8 5 • r « 9
2 5 7 S I 5 .  8 5 • i *f 8 ' .3  5 2 5 0 8 5 4  5 0 -
j \ 4 o 2 -5 5 8 O tr
s *»
2  5  V. S  o 3.  *73 ■ - A 3'. 5 0 2 5 3 8 5 3 . 2 0 • r
T E 5 T - 2.. T E 5 T  3  /- 2 5 - 3 5 .
4:  o o 2 5 2 7  % ,£? 2T O l3  ' 2 4 . 5 4 - 1 5 2 4 5 8 0 6 .30 1.62'
r--- ----
s95~
4 ’- / G 2  6 3 7 5 4 . 7 S »» 4 : 2 5 2 .5 0 3 0 5 5 5 , 1 * f
-7 :2  0 2 62. 7 5 . r 4 : 4 0 2 .5 0 8 5 , , »t
4 - 2 5 2 6 2 7 8 4 : 4 5 2 5 0 8 5 3.  70 ; »i
4 ' 5 5 2 5 0 S O 2 .8 0 - , t
i ' j o 2. G 2l 8 0 J  7 0
T E 5 T - J TElST-fc. /-£7
2 . 1 5 2 5  & 8 O 3. S> /. a ” 0 2 :2 5 2 5! 8 5 4. 3C 1.50 7  0
2 :2 0 2.5(0 3 o V <! 2 3 0 2 5 2 3 5 "
2 .3  o 2 5 8 30 3  S3 '• , , 2 : 3 5 a  53 5 0 73.30 ..
a  ’.3 6” 2 5 3 « w 2\HU 5 - 5 3 7 5 * r
2 :3 0 2 5 £ ^ 5 »» '• 2\4 2 5 0 7 5 , ,;
2 :3 5 2. o © S3 3. 0 5 •' 2  ’.3 5 2  5 3 5 0 2 .3 Z - ••
5 T E A H  E/1G//1E W/^TETF? R A T E S
i~OG5  op- T E 5 u 5 ^  riE V E F T  2."
iuc
p
&r
k-}~ •O— ^ fio v m
t P S
~S' 5
-j u 
0  p 
m  L
X  ,
Li id 
)- O
2  O
T f
§
U  ' 
ir k
sfie 0
OQ -1
LOG CAUBFXTlOno f GL/V7 
l~ Q>~'38.
EX.
n 2
C U T  O p p VAl-VE- 
T  (771 (/E
T E 5 T - 1
H E A P C / W 1 K r \ E A n
3.2.6 2 3  0 g 0 7 /6 E" 9 6 "
1 7.00" 7 6 ~ o " 7  2-5 2 *3 : 3 0 2 5 3 2  2 t / ft
2 5  GO' <0.^7 5 . 9 3 /, Sf7"
3 : 3 5 Z_3<0 5 ,(0 5 t t V
3 5 5 5 '  \ t :3 t " / ■ 3 5 /• 76'*
3 5 2 5 2 7 3 5 .2b •• 11
3 - 6  2' 5 . 3 7 ' 5 . 0  0 /. G 2 7
3: S'5 1 « *• 1 • v5 3 . 3 5 " 3. 3  2 5 /■ 5
It
T E 5 T . 1 -28.38. L O G  C/1Lll3KATIQri O O I L E / T / I S ^  /?T5HGFL5. 2 - 2 (0 -8 8 . T£rn=r/-/, o-/25°j=
L A 2L £ L 2  52. % o 7  2. /. Zb" 13 O U  A T E  IT 
in
G A G E
W A T 2 I 7
PIJCHAHG'P
W / f T E f T
in
G / f G E
W  A T E  17 
PIOCHAJ7CEP2  ’.S3 2 4 - 2 7 3 ' U
2-', 2 4  G 7 % S./o " v9. 65^ O  t—13 03.05" / 0  5 0 U 3 .
2 : 5 3 g.^/ % 2 / r /, -....7.2/T' _ 25-0. - 4 2 . 3 5 " 13 5 0  ••
t i r ( & . / S " 6\50. •• 1.45 / 5 J O  ->
2 5 5 2 5 2 7?_ 2 . 7 7 tf 5. 8 5 " if 0 0 . •• . 8 0 " / 7 O 0  -
1 E.3~E ^3. / - £.8-38. L O G  C A L O I T I H E T E R  T E « 5 T 3  F R O H  
^5T"E/?H r~IF'E- 22 . 5  ~ 2 .T- ST.32.0 2  2  <3 7 3 3.oo 2 . 1 2 2 2 0
3:3 0 2 2 5 3 O • 1
/T1E/J£?//'! C 
EIOIL_ErT G./JGJ2 c o n&c^3 T £  T/1 Ln-r^mne-i?WA t e /t
3 \ 3 5 2  2 9 V  3 5 . 5 0 • 1 '1 2 " 2. U3, .13 L-O
3:-6-0 2 2 9 7 7 •* •< 3 " it .f it
5 " it ./? -3 5 5 7  Co •• *»
5 " - * 2 . /  •'
3 ' 5 0 2 2 3 1 . 7 5 •r 3 " - 2 . 2  '

calibrated boiler guage. This water gague was calibrated by fill­
ing the boiler with water and then drawing off into a tank which 
was placed on platforl scales. About 250 pounds of water was 
discharged at one time, and then the water allowed to settle and 
an accurate reading of the guage taken. From this data given on 
page the results tabulated on- page a. o were obtained. The 
temperature was noted and by table given in Kent the volume was 
compared with that of water at temperature corresponding to the 
steam pressure carried during the test. The resultafit curve is 
given or page 2.1 ^ During any one teat, which lasted not longer 
taken one hour, no water was pumped into the boiler. In every case 
the engine was started a few minutes before the readings of the 
water guage were taken. Cards were taken from the engine and 
pressures were read at intervals of five minutes. The logs of 
all the tests made on the Meyer engine are given on pages and
Description of Apparatus Used:- 
h
The tachometer used was of the common centrifugal type giving 
revolutions per minute direct. The instrument read too low by a 
constant of of ten revolutions per minute for the range within 
which it was worked.
The Tabor indicators used were of the standard type supplied 
with 2 inch drums.
In the carpenter separating calorimeter the steam passes into 
a small separator where the entrained water is detained, and from 
this chamber the dry steam passes on into a condenser. Each 
chamber is calibrated to read by scale, to hundredths of a pound.
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To find quality of steam, let Wz weight of condesned steam, as read 
on condenser gage. Let w'= amount of entrained water indicated "by 
separator gage, as having been carried by steam w. Per cent of 
w a t e r , = W w ' .  Example: gee data page ih-. V^Slb. w'=. 181b.
Per cent ?^. 1342.18=. 0825 or 8.25 per cent. Determinations were 
made while the steam was being used at different rate's, and for 
different heights of water in the boiler, but there is no uniform 
difference as shown by the results given on page 
Computation And Results:-
Computations were made as follows:- for any valve travel the 
cut-off was found from curve, for example, a travel of 1 . 5  in. 
corresponds to a cut-off of 25 per cent. The log far this test 
is given on page i3 t(test 6 ) and the results ore tabulated on page/s. 
The speed is shown to be 261 R.P.M. And the mean effective pressure 
was 21.7 pounds. Horsepower =P.xN.xK.^H.P. Where (P)=mean effect­
ive pressure, (N^revolutions per minute, and (R)=LxA433000, where 
(L) =twice the length of stroke and (A)= area of piston. Area of 
cross section of piston rod must be deducted from (A) for crank end 
Then in this case
TT P - P X N X K _ ln r,.
* * 21.7 x 261 X .001405
W x 8Brake horsepower equals 3SOOO~~ =B* H* P* W  equals
net pressure that the brake exerted on the scales, and (s) equals 
circumference of fly wheel multiplied by the number of revolutions 
per minute, which in this case equals 70 x 14.39 x 261 =7.96.
The other cards of the same experiment were solved in the same 
manner and tabulated as shown . The log sheet page is shows that
—  - m
the run was one half hour long, and that during that time, the 
v/ater in the boiler dropped from 4.80 inches to 2.98 inches on 
the gage. From curve on page 2.1 we find that this difference 
in height on the gage indicates that 340 pounds of water was 
used. But from calorimeter tests made, it was found that 8 . 5  
per cent water was carried with the steam in the average steam 
sample. Then 340 x .915 = 7 8 . 7 6  pounds. The results of the 
nine tests made are tabulated on pagesi7,/g and , and minor tests 
are given on page 2 .0 . The water rates are very high, hut are 
fairly uniform in the rate of change. The most economical 
point of cut-off is shown to he at about 26 per cent. On page^/f 
the curves are given for I. H. P. and B. H. P. The curve for 
t . H. P. is very abrupt in its changes, the drop for the econom­
ical point of cut-off being much more marked than it is in 
curve for the theoretical given on page
The chief loss of heat in the early cut-ogf is due to 
initial condensation, and in this case the curve indicates that 
this loss decreases very fast as the cut-off increases, for the 
range of expansive effect, or higher final pressure, and 
probably in part to the evaporation of entertained water.
The hyperbolic curves drawn on the diagrams page b.5 show 
that the expansive curve runs too high. Aside from this the 
steam distribution is fair. There was considerable negative 
lead for the early cut-offs but this diminished as the cut-off
23
increased. From the observations taKen it is clear that a 
material change for the latter could be affected; first, by a 
general adjustment of the bearings and stuffing boxes : second;
by fitting rings to the piston valve: third; by passing the 
steam through a separator and covering the steam pipe.
TESTS OF BALL ENGINE 8 " x 10"
Description of Engine.
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This is a high speed, non-condensing, automatic cut-off engine 
of the center crank pattern. Plate 2. shows the general connection. 
The engine was used to furnish power for the machine shops of the 
University of Illinois. At the time the test was made the governor 
and several of the "brasses were in "bad condition, and a few weeks 
afterward, the engine was sent to the machine shops for a general 
overhauling.
Steam Supply:-
Steam was furnished to the engine from the same "boiler that 
was used for the tests on the Meyer engine. About 120 feet of 
jacketed 2.5 inch pipe connected the two. The exhaust steam was 
taken through a grease extractor and delivered to the heating 
system.
Methods Employed in Making Tests:-
Two 2 in. Crosby indicators were used to get steam distribution. 
Resistance was furnished by the use of a Pronv brake bearing on 
a pair of platform scales. To find number of revolutions per minute 
a square speed counter was used. The readings were taken at the 
beginning and at the end of each experiment. All other apparatus 
and methods of operating were the same as on the Meyer engine.
Discussion of Results:-
The cards page show the distribution of steam. The theoret­
ical curves drawn dotted show that for the crank end the expansion 
is just about hyperbolic, while that of the head end is not.
Since this condition is not common to both ends the raise in the 
expansion line can not be due to re-evaporation or evaporation of 
entertained water. From this we attribute the loss to leakage,
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and as the curve runs too high at the outer end the leak must he 
at the valve. The distribution otherwise is fair. It -will he 
noticed that the upper cards are shorter than the others. This is 
due to the fact that during the test the pantagraph reducing motion 
was thrown from the engine, and several holts broken. In replacing 
them the adjustment was changed, It was not noticed at the time 
hut however it makes no material difference in the results. Logs 
of the tests made are given on pages 2.8 and 2 9. The computations 
were made in the same way as those of the Meyer engine. The rates 
tabulated on pages3 -3 tosfc show marked improvement in the Ball 
engine over those of the Meyer engine. The curve of rates page 2.8 
shows a fair performance. The most economical point of cut-off 
for I. H. P. is shown to he at about 19 per cent, while for B. H.P. 
it is about 22 per cent. The best rate is 28.12 pounds of water 
per I. H. P. per hour, and was obtained at 20 per cent cut-off. 
Experiment number 3 gives a much lower rate, but it has been dis­
carded as there was evidently some error of observation; These 
rates are not especially good but are fairly satisfactory for 
an engine of this class. If the : engine were in the best con­
dition we might expect to get about 3 or 4 pounds less water per 
I. H. P. per hour, or about 25 pounds per I. H. P. per hour at 
one fourth real cut-off.
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To those interested in the subject of steam engine performance
the following list of references will he of some value.
THE PROMISE AND POTENCY OE HIGH PRESSURE STEAM.
Trans. A. S. M. E. 1896.
Illustrated by the triple and quadruple expansion, experimental 
engines of Sibley College, Cornell University.
Water rates are given for the different rates of expansion and. 
for different pressures. Results of experiments are illustrated 
graphically.
THE ECONOMICAL GOVERNORING OE STEAM ENGINES.
By John s. Raworth.
Engineering Magazine November 18971 
A brief on governors with a discussion and graphical illustration 
of engine performance for different rates of expansion.
CONDITIONS EFFECTING WATER CONSUMPTION.
By R. A. Thurston.
Thurston's Manuel of The steam Engine Part 3.
Short discussion of steam engine performance illustrated by 
curves and data.
THE QUANTITY 0^ STEAM WHICH MIGHT BE AND WHICH IS USED.
By Chas. A. smith.
Steam Engine Practice.
A theoretical discussion illustrated by curves and tables, also 
reports of experiments.
STEAM AND WATER CONSUMPTION. By R. A. Thurston.
Engine and Boiler Trials.
Tables of water rates and methods of determining the consumption 
of any engine.
THEORETICAL WATER CONSUMPTION. By Peabody.
Thermodynamics of The steam Engine.
Theoretical discussion of water rates and a series of reports 
of tests on engines of water consumption.
WATER RATES AT DIFFERENT POINTS OF CUT-OFF.
By Rose.
Results of Tests of Engines to Determine Water Rates.
STEAM ENGINE WATER RATES. By William Kent.
Mechanical Engineer's Handbook.
Tables of theoretical and practical rates of steam consumption.
ECONOMY TRIALS OF A NON-CONDENSING STEAM ENGINE, SIMPLE, 
COMPOUND AND TRIPLE. By P.W.Willdns
Proceedings of Institution of Civil Engineers, Vol. 93.
Exhaustive discussion illustrated graphically.
T A B L E  O P  PIME/'ISIO/'IS 
C Y L I/ 1 P E R  -  S 'x/Z '
A _____________ G j?"
B _____________ 2 ://'
C  ______  _CL//
p  CL5 l 
E  _ 0_v5^
F ______________0 .3 "
G  -2lo 
H  _.Ol6
J -  __ _c>_7'' 
K  . O'-^z 
i—  _ __/:/o"
M ________  015"
n ________
0 ________ a.9
P ______________Q.4
O  _ _ &2.i
R ________  1 .8 "
«5 ___________ o :s "
T .  . o > "
V  . _ . _ O lE f
V  _0-5"
W ----  ------- e r f
X ____________ Cl 14
V  0. 6 '
~1“HEZ3I5
*5TE/in  E/KGJ/1E WATEFC F\ATEv5 
V/ALl/E G E A R
H E V E F \ AV/TOMATIC E/1GI/1E 
Gcale = £
jA/1. £ 2 - 1898 FT./1TE- /.
t a b l e : o f  p ir iE /r s io n s
CYLI/iI7EP\- Z  "x IO "
A_ _ _ ¥■ 1"
B 2:3f"
C ______*/3‘
V______ -j z
E _____ 5~*
F ____ -/5 "
6  _ -/2f
H -/3^ ’
K _______
i_________ -17$
n____ _ /£'
ri______ _ /?
0 -2 f
f_ _ ____ r
o _______ £
F _ t i-------1£
3 ----------- a r
v5TE/\n EnG IA lE  L/ATEF\ PCATE5
BALL. A U T O H A T I C  E/NGI/NE 
Bc^ l.e ^ ftsu? £
MAY I. 1332. r U T E  £..
fy. j. Harn/nexso
